Red clover necrotic mosaic dianthovirus (RCNMV) has a genome of two ssRNA species, RNA 1 (4-0 kb) and RNA 2 (1-4 kb). Double-stranded RNA was isolated from Phaseolus vulgaris plants infected separately with five isolates of RCNMV from Czechoslovakia, Sweden, Scotland and England. In each case three species of dsRNA, designated A, B and C in order of increasing mobility, were resolved by gel electrophoresis in non-denaturing conditions. The mobilities of dsRNA species A and B were similar for all the isolates, but the mobilities of the different species of dsRNA C showed some variation. Southern blotting followed by hybridization with cloned probes showed that dsRNA species A and B are related to RNA 1, whereas dsRNA C is related to RNA 2. In gel electrophoresis in denaturing eonditions, RNA from dsRNA A had the same mobility as ssRNA 1, whereas RNA from dsRNA species B and C had the same mobility as ssRNA 2. It is concluded that dsRNAs A and C are the doublestranded forms of the genomic RNA 1 and RNA 2 respectively and that dsRNA B is the double-stranded form ofa subgenomic RNA which is derived from RNA 1 and has the same size as RNA 2.
hybridization with cloned probes showed that dsRNA species A and B are related to RNA 1, whereas dsRNA C is related to RNA 2. In gel electrophoresis in denaturing eonditions, RNA from dsRNA A had the same mobility as ssRNA 1, whereas RNA from dsRNA species B and C had the same mobility as ssRNA 2. It is concluded that dsRNAs A and C are the doublestranded forms of the genomic RNA 1 and RNA 2 respectively and that dsRNA B is the double-stranded form ofa subgenomic RNA which is derived from RNA 1 and has the same size as RNA 2.
Red clover necrotic mosaic dianthovirus (RCNMV) has a genome of two ssRNA components, RNA 1 (4 kb) and RNA 2 (1.4 kb) (Gould et al., 1981 ; Lommel et al., 1988; Xiong & Lommel, 1989) . RNA 1, which encodes the single capsid polypeptide species with an Mr of approximately 40000 (Okuno et al., 1983; MorrisKrsinich et al., 1983) , can replicate and give rise to virus particles in protoplasts in the absence of RNA 2 (Osman & Buck, 1987; Paje-Manalo & Lommel, 1989) . However both RNA species are required to produce a systemic infection in plants (Gould et al., 1981 ; Okuno et al., 1983; Osman et al., 1986) , which implies a role for RNA 2 in cell-to-cell movement of the virus.
In vitro translation of size-fractionated RCNMV RNA suggests that the capsid polypeptide species is translated not directly from RNA 1, but from a subgenomic species of RNA 1 (Morris-Krsinich et al., 1983) , a finding consistent with the location of the coat protein gene within the 3"-terminal 1.5 kb of RNA 1 (Xiong & Lommel, 1989) . Subsequently a subgenomic RNA 1 was detected in protoplasts infected by RNA 1 alone (Osman & Buck, 1987) . In the present paper we report the analysis ofdsRNA isolated from plant tissue infected by RCNMV to determine whether a dsRNA species corresponding to the subgenomic RNA 1 species is present.
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The subgenomic RNA 1 detected in protoplasts infected with isolate TpM-34 of RCNMV had the same mobility as RNA 2 in agarose gel electrophoresis (Osman & Buck, 1987) . However it was considered likely that there would be some variation in the sequence, and possibly also in the size, of these RNA species in different virus isolates. Therefore to maximize the chances of separating double-stranded forms of this subgenomic RNA and RNA 2, dsRNA was analysed from plant tissue infected separately by RCNMV isolates from Czechoslovakia (TpM-34 and TpM-48; Musil, 1969) , Scotland (S; Hollings & Stone, 1977) , England (H; Hollings & Stone, 1977) and Sweden (Sw; Gerhardson & Lindsten, 1973; Hollings & Stone, 1977) .
Virus isolates were propagated in Phaseolus vulgaris cv. The Prince (Osman et al., 1986) . RNA was extracted from infected leaves as described by Hayes et al. (1988) and the dsRNA fraction was obtained by removal of ssRNA by precipitation in 2 M-LiCI (Baltimore, 1966), followed by chromatography on columns of Whatman CFI 1 cellulose (Franklin, 1966; Morris & Dodds, 1979) . Analysis of the dsRNA samples by PAGE (Ratti & Buck, 1972; Buck & Ratti, 1977) revealed three major bands of dsRNA in each case ( DNase I, their resistance to ribonuclease A in 2 x SSC buffer (SSC is 0-15 M-NaC1, 0"015 M-sodium citrate pH 7.0) and their susceptibility to ribonuclease A in 0-1 × SSC buffer (Buck et al., 1971 ) (data not shown). For some isolates, a number of faint bands were also observed, but these have not been characterized. Fig. 2 . Northern blot analysis of dsRNA. RNA was electrophoresed under denaturing conditions. Lane 1, viral ssRNA from isolate TpM-34; lane 2, RNA from a dsRNA fraction from healthy plant tissue; lanes 3 to 5, RNA from dsRNA from plant tissue infected with isolates TpM-34, S and Sw respectively. The probe was 32p-labelled cDNA synthesized using RNA from a mixture of the three viruses.
denaturing conditions in a formaldehyde-agarose gel, followed by transfer to GeneScreen Plus membrane and hybridization with 32p-labelled c D N A prepared to viral R N A from the three viruses (Osman et al., 1986) (Fig. 2) . Bands comigrating with viral ssRNA 1 and ssRNA 2 were detected in all three samples from infected tissue, but not in the control sample from healthy tissue. Similar results were obtained with d s R N A from isolate H (data not shown). From this it appears that d s R N A A was denatured to a band which comigrated with viral R N A 1 and d s R N A B and d s R N A C were denatured to bands which comigrated with viral R N A 2. This was confirmed for isolate H by separating the individual d s R N A components by PAGE, followed by electrophoresis of each R N A in a denaturing gel (data not shown). Thus it appears that the double-stranded forms of R N A 2 and the subgenomic R N A 1 of these isolates, similar to the corresponding single-stranded forms from isolate TpM-34, are the same size. Hence the differences in mobility of d s R N A B and d s R N A C in non-denaturing P A G E (Fig.  1) were probably due to sequence differences, rather than differences in size.
To identify which of d s R N A B and C corresponded to the double-stranded forms of R N A 2 and subgenomic R N A 1, isolate H was selected because d s R N A species B and C were most easily resolved for this isolate (Fig. 1) . Two identical dsRNA samples isolated from plant tissue infected with isolate H were electrophoresed in a nondenaturing agarose gel and transferred to GeneScreen Plus membrane according to the manufacturer's protocol (New England Nuclear). The blot was then cut in half; one half was hybridized with cDNA to viral RNA 1 plus 2 of isolate H, and the other half was hybridized with c D N A to R N A 1 of isolate H. The two halves were then joined back together again and autoradiographed (Fig.  3) . Three bands were detected with the c D N A probe to RNA 1 plus 2 (lane 1), but only bands corresponding to the upper two bands of lane 1 were detected with the cDNA probe to R N A 1 (lane 2). To determine whether or not the relative order of migration of the bands is the same in non-denaturing agarose as in polyacrylamide gels, a dsRNA sample was electrophoresed in a nondenaturing agarose gel. R N A from each of the three bands, detected by staining with ethidium bromide, was then electrophoresed in a po!yacrylamide gel, alongside unseparated dsRNA. The results (data not shown) indicated that the relative order of migration is the same in both gel systems. Hence the results in Fig. 3 indicate that dsRNA A is the double-stranded form of R N A 1, dsRNA B is the double-stranded form of a subgenomic R N A derived from R N A 1 and dsRNA C is the doublestranded form of RNA 2. It is noteworthy that three dsRNA segments were detected in tissue infected by carnation ringspot virus, the type member of the dianthovirus group (Dodds et al., 1977) . The two major dsRNA components corresponded to the two genomic ssRNAs. A third, minor dsRNA migrated slightly more slowly than the dsRNA that corresponded to ssRNA 2. Although this minor dsRNA was not characterized, by analogy with the results reported here for R C N M V it is likely that this minor species corresponded to a subgenomic R N A derived from RNA 1.
For isolate H it is clear that there is a larger amount of dsRNA 1 and dsRNA 2 than that of subgenomic dsRNA 1. If the relative order of migration of the dsRNA segments of the other isolates is the same, this is true for the other isolates also. By analogy with other ssRNA viruses, such as brome mosaic virus (Marsh et al., 1988) , it is likely that subgenomic R N A 1 is transcribed not from a negative strand subgenomic RNA, but from a negative strand full-length R N A 1. The relative amounts of genomic and subgenomic R N A could depend inter alia on the relative strengths of the genomic and subgenomic promoters on the same negative strand template. The double-stranded form of the subgenomic R N A probably arises by transcription using the subgenomic R N A as a template.
The relative mobilities of dsRNA A (genomic dsRNA 1) and dsRNA B (subgenomic dsRNA 1) in the different isolates appeared to be fairly constant ( Fig. 1) (assuming that the relative mobilities of dsRNA segments are the same for all isolates). However the mobilities of dsRNA C (genomic dsRNA 2) of different isolates differ considerably. As this variation is not due to differences in size (Fig. 2) , it is likely that there is greater sequence variation between R N A 2 segments than between R N A 1 segments among different isolates. The nucleotide sequence of R N A 2 of an Australian isolate of R C N M V (Lommel et al., 1988) indicates an unusually long 3' untranslated sequence of 417 nucleotides. Hence the variations in mobilities of dsRNA 2 of different R C N M V isolates could be due to variations in the 3' noncoding region which is likely to be more variable than the coding region. Gel electrophoresis patterns of dsRNA have been suggested as useful tools for the diagnosis of plant virus infections (Dodds et al., 1988) . The results presented here suggest that dsRNA patterns could be useful for the identification of different isolates of R C N M V and in the analysis of pseudorecombinants.
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